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Description 

X-RAY TUBE TARGET BALANCING 

FEATURES 

Background of Invention 

[0001] The present invention relates generally to an x-ray tube 
assembly, and, more particularly to an x-ray tube target 
assembly with improved balancing characteristics. 

[0002] x-ray tubes are well known and widely utilized in a variety 
of medical imaging fields, medical therapy fields, and ma- 
terial testing and analysis industries. They are commonly 
comprised of both an anode assembly and a cathode as- 
sembly. X-rays are produced when electrons are released 
in a vacuum with the tube, accelerated and then abruptly 
stopped. The electrons are released from a heated fila- 
ment. A high voltage between the anode and the cathode 
accelerates the electrons and causes them to impinge on 
the anode. The anode is also referred to as the target 
since the electrons impact the anode at the focal spot. 

[0003] | n order to dissipate the heat generated at the focal spot, 



X-ray tubes often incorporate a rotating anode structure. 
The anode in these arrangements commonly comprises a 
rotating disc so that the electron beam constantly strikes 
a different point on the target surface. In order to handle 
the considerably heat generated by even transient focal 
spots, present x-ray tube target assemblies are commonly 
rotated at high rotational speeds. As these speeds in- 
crease it becomes more and more critical to have the ro- 
tating target assembly properly balanced around its rota- 
tional axis. Improper balance can result in unacceptable 
operational stresses on the target assembly and sur- 
rounding structures. Unbalanced assemblies can further 
introduce chatter and may impart noise into the x-ray 
tube assembly. In addition, proper balance can effect im- 
age quality and bearing wear. 
[0004] Current techniques for insuring proper balance in the x- 
ray tube target assembly commonly are comprised for 
material finishing techniques performed on the finished 
x-ray target assembly. These techniques use simple ma- 
terial removal operations. Although simple, the use of this 
material processing technique can lead to unacceptable 
results. Since existing techniques are performed on fin- 
ished products, and error in material removal can result in 



a scrap product. This in turn adds to overall cost increases 
and delays in manufacturing. Additionally, the removal of 
material on a finished product can results in the produc- 
tion of particles that may not be all removed after balanc- 
ing. If all of the resultant particles are not removed they 
may result in a reduction in high voltage stability of the x- 
ray tube assembly. Finally, the use of material removal as 
a basis for balancing the target assembly can result in ex- 
cessive material removal, which in turn can result in stress 
problems for the x-ray target assembly during operation. 
There is, therefore, considerable room for improvement 
over material processing balancing techniques. 
[0005] it would, however, be highly desirable to have an x-ray 
target assembly that could be easily balanced without re- 
quiring material removal from the finished product. Simi- 
larly, it would be highly desirable to have an x-ray target 
assembly with balancing features that could be non- 
destructive^ modified to balance the x-ray target. 
Summary of Invention 

[0006] An x-ray assembly is provided comprising a target shaft 
and an x-ray target element mounted to the target shaft. 
A circumferential feature is formed in the x-ray target el- 
ement. At least one weight element is adapted to be se- 



curable in a plurality of positions within the circumferen- 
tial feature such that the x-ray target element can be bal- 
anced around the target shaft. 
[0007] other features of the present invention will become ap- 
parent when viewed in light of the detailed description of 
the preferred embodiment when taken in conjunction with 

the attached drawings and appended claims. 
Brief Description of Drawings 

[0008] FIGURE 1 is an x-ray tube assembly in the present inven- 
tion; 

[0009] FIGURE 2 a cross-sectional illustration of an alternate x- 
ray target for use in the x-ray tube assembly illustrated in 
Figure 1; 

[0010] FIGURE 3 is a detailed illustration of a weight element and 
a circumferential securing elbow slot for use in the 
present invention, the circumferential securing elbow slot 
formed as a t-shaped slot; 

[001 1] FIGURE 4 is a detailed illustration of a weight element and 
a circumferential securing elbow slot for use in the 
present invention, the circumferential securing elbow slot 
formed as a l-shaped slot; 

[0012] FIGURE 5 is a detailed illustration of a weight element and 
a circumferential securing elbow slot for use in the 



present invention, the circumferential securing elbow slot 
formed as a triangular shaped slot; 

[0013] FIGURE 6 is detailed illustration of a circumferential slot 
for use in the present invention, the circumferential slot 
illustrating an entry port; 

[0014] FIGURE 7 is detailed illustration of an expandable weight 
assembly for use in the present invention; 

[0015] FIGURE 8 is a detailed illustration of the flange element il- 
lustrated in Figure 2; and 

[0016] FIGURE 9 is a detailed illustration of the flange element il- 
lustrated in Figure 2, the detail illustrating an alternate 

weight attachment method. 
Detailed Description 

[0017] Referring now to Figure 1, which is an illustration of an x- 
ray tube assembly 10 in accordance with the present in- 
vention. Although a specific x-ray tube assembly 10 is il- 
lustrated, it should be understood that the present inven- 
tion is contemplated to be useful in a wide variety of x- 
ray tube assemblies. The x-ray tube assembly 10 includes 
an x-ray tube housing 12. Within the x-ray tube housing 
12 resides a cathode 14. The cathode 14, when charged 
with an electric current, emits electrons. This electrons 
travel within the x-ray tube assembly 10 until they impact 



the anode/x-ray tube target assembly 16. Upon impacting 
the x-ray tube target assembly 16, the electrons generate 
x-rays. Such x-ray tube operation is well known in the art. 

[0018] ^ is also known, however, that excessive heat can gener- 
ate in the x-ray tube target element 18 if the electrons 
continuously impact a single spot. The target assembly 16 
therefore includes a target shaft 20 positioned in and in 
communication with the target bore 22 of the target disc 
element 18. In this fashion, the target shaft 20 can be uti- 
lized to spin the x-ray target element 18 such that the 
electron stream from the cathode 14 continuously impacts 
different places on the impact surface 24 of the target 
disc element 18. It is known that high-speed rotation of 
the x-ray target element 18 by the target shaft 20 gener- 
ates considerable momentum, which can be affected by 
any imbalances in the target assembly 16. Numerous ma- 
chining techniques have been used to machine the x-ray 
target element 18 in order to achieve a balanced target 
assembly 16 or alter the x-ray. These prior techniques, 
however, carry with them disadvantages. 

[0019] The present invention provides an improved methodology 
for balancing the target assembly 16 through the use of a 
feature, such as a circumferential feature 30 formed on 



the x-ray target element 18. The circumferential feature 
30 works in combination with at least one weight element 
32 to provide a balancing means for the target assembly 
16. The weight element 32 is adapted to be securable in a 
plurality of locations within or upon the circumferential 
feature 30 such that the target assembly 16 can be bal- 
anced. Through the use of weight elements 32 with vary- 
ing weights and modifications of their positions along the 
circumferential feature 30, precise adjustment of the tar- 
get assembly 16 balance can be achieved without unde- 
sirable machining processes to the assembled target ele- 
ment 18. 

[0020] it is contemplated that the circumferential feature 30 may 
be located in a variety of positions on the x-ray target el- 
ement 18 and may be formed in a variety of configura- 
tions. In addition, the circumferential feature 30 may be 
formed on a plurality of differing surfaces of the x-ray 
target element 18 in order to provide a broader range of 
balancing options. Although a wide range of positions are 
possible, it is contemplated that the circumferential fea- 
ture 30 may be formed on the perimeter surface 34, the 
x-ray facing surface 36, or the central neck portion 38 of 
the x-ray target element 18. The central neck portion 38 



comprises a portion of the x-ray target element 18 posi- 
tioned adjacent the x-ray inner target diameter 40 that 
extends away from the x-ray facing surface 36 towards 
the cathode assembly 14. It should be noted that through 
the use of multiple locations from the central neck portion 
38 outward toward the perimeter surface 34 the effect on 
balancing of a given weight element 32 can be either min- 
imized or maximized respectively. 
[0021] Although a variety of circumferential features 32 are con- 
templated, one embodiment contemplates the use of a 
circumferential groove or slot 42 formed in the x-ray tar- 
get element 18. The circumferential groove 42 can be 
formed as a simple groove or maybe formed as a circum- 
ferential securing elbow slot (see Figures 2-5). The cir- 
cumferential securing elbow slot 44 includes an upper slot 
opening 46 and at least one internal elbow arm 48. This 
allows a weight element 32 having a securing elbow 50 
adapted to fit within the circumferential securing elbow 
slot 44 to be locked within the internal elbow arm 48. It is 
contemplated that the weight element 32 can be formed 
with a single securing elbow 50 as in Figure 4 or with two 
securing elbows 50 to form a t-shaped weight. Similarly, 
the circumferential securing elbow slot 44 can be formed 



as a t-shaped slot (Figure 3), an l-shaped slot (Figure 4), a 
triangular slot (Figure 5), or a host of other securing 
shapes. It should be understood that the weight element 
can be placed within the slot 44 in a variety of fashions. In 
one embodiment, the weight element 32 can be placed 
within the elbow slot 44 and rotated to secure it. In an- 
other embodiment, an entry port 52 can be formed in the 
circumferential securing elbow slot 44 to allow the 
adapted weight elements 32 entry (see Figure 6). In still 
another embodiment, the weight element 32 can be com- 
prised of an expandable weight assembly 54 having an 
expansion bore 56 and an expansion screw 58 (see Figure 
7). After placement within the circumferential slot 42, the 
expansion screw 58 can be turned to lock the expandable 
weight assembly 54 in the slot 42. Finally, the present in- 
vention contemplates other weigh attachment methodolo- 
gies such as bonding, welding, or brazing. 
[0022] | n another embodiment, the circumferential feature 30 
can comprise a flange element 60 (see Figure 2). The 
flange element 60 is preferably formed around the 
perimeter surface 34 of the x-ray target element 18. The 
flange element 60, however, can be formed on a variety of 
surfaces including, but not limited to, the x-ray facing 



surface 26. The flange element 60 can include a plurality 
of mounting bores 62 formed around the flange element 
60 (see Figure 8). This allows the weight element(s) 32 to 
be mounted on the flange element 60 in any location 
around its circumference. It is contemplated that the 
weight elements 32 may be inserted into the mounting 
bores 62 as shown in Figure 2 or may be directly mounted 
to the flange as shown in Figure 9. Although the flange 
element 60 has been illustrated as being formed on the 
perimeter surface 34, it should be understood that the 
flange element 60 may be formed on any portion of the 
x-ray target element 18 to provide a range of balancing 
locations. 

[0023] while particular embodiments of the invention have been 
shown and described, numerous variations and alternative 
embodiments will occur to those skilled in the art. Ac- 
cordingly, it is intended that the invention be limited only 
in terms of the appended claims. 



